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LEVEL 1 VERSUS LEVEL 2 TRAUMA CENTERS IN THE TREATMENT OF 
TRAUMATIC BRAIN INJURY 
JAI PATEL 
ABSTRACT 
Objective: Evaluate three phases of traumatic brain injury care between Level 1 and 
Level 2 trauma centers using The Trauma Quality Improvement Program (TQIP). Use 
Emergency Medical Services (EMS) evaluations to determine which trauma centers, and 
procedures are preferentially chosen. Use trauma center level and other hospital metrics 
to distinguish differences between the courses of treatment and outcomes for traumatic 
brain injury patients (TBI). Evaluate specific neurosurgical procedures and their 
outcomes were based on the severity of the injury, length of time to procedure, and which 
trauma centers treated them. 
Design: Demographic and trauma center readiness were evaluated using Chi Squared 
analysis .Independent samples T-test and Mann-Whitney U were used to compare 
variables such as EMS response time, Glasgow Coma Scale (GCS) , Injury Severity 
Score (ISS), length of stay. Multinomial logistic regression was used to evaluate specific 
procedures and outcomes. 
Results: There were significant differences in gender, race, the number of adult beds, the 
number of beds in the burn unit, the number of beds in the Intensive Care Unit (ICU) for 
burn recovery, number of beds available in the ICU for trauma recovery, the number of 
neurosurgeons available, the number of orthopedic surgeons available, and the number of 
trauma surgeons available between the trauma centers. Also average total GCS, and 
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component GCS metrics were significantly lower in level 1 than level 2 trauma centers. 
ISS scores based on Abbreviated Injury Scale (AIS) also showed significantly higher ISS 
scores for Level 1 centers. Patients admitted to Level 1 trauma centers spent significantly 
longer with EMS responders than Level 2 centers. Level 1 trauma centers have 
significantly longer average stays for both single head trauma and multiple head trauma 
patients respectively. The American College of Surgeons (ACS) level of treatment could 
be predicted by EMS time and GCS. ISS can significantly predict the length of stay in 
both level 1 and level 2 centers. When controlled for injury severity there was no 
significant differences in EMS length of response, length of Emergency Department (ED) 
stay or total length of stay. Types of procedures conducted can be predicted using ACS 
level, ISS, and EMS response time. There was no significant difference in the lengths of 
times to procedures, and the outcomes of such procedures could not be predicted.  
Conclusion: TQIP gives us standardized benchmarking to accurately analyze data across 
different Level 1 and Level 2 trauma centers. The goal is to characterize the course of 
treatment for TBI patients and improve quality of care. This study showed us that more 
severe injuries are preferentially treated at higher level trauma centers with longer transit 
and hospital stays. However, it also it showed us that for very severe injuries the quality 
of care, and length of time to surgical intervention is consistent across ACS levels. 
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INTRODUCTION 
Major Trauma 
Major trauma is the leading cause of death for people ages 1-45 in America, 
accounting for 47% of deaths in this range. It kills more than 192,000 people and costs 
$671 billion annually, including both health care costs and lost productivity (National 
Trauma Institute, 2017). In 1966 the first trauma units emerged to better deal with 
incoming trauma cases more efficiently; since then technology and techniques have 
improved to increase survival rates. Now a complex network of tiered trauma centers 
allows healthcare providers to triage where to send patients based on the severity and 
types of trauma that can occur.   
Trauma centers are tiered through five levels depending on the resources available 
and number of patients admitted annually. The designation is determined by state and 
local guidelines, but the resources available and capabilities are verified by the American 
College of Surgeons (ACS). The ACS evaluates commitment, readiness, resources, 
policies, patient care, and performance improvement. (Sarkar et al., 2011). Adult and 
child trauma centers also have different designations, a given trauma center can be level 2 
for adults and level 1 for children. Level 1 trauma centers are the most comprehensive. 
They include 24-hour in-house coverage by general surgeons, and prompt availability of 
care in specialties such as orthopedic surgery, neurosurgery, anesthesiology, emergency 
medicine, radiology, internal medicine, plastic surgery, pediatric and critical care. They 
also act as an incoming referral source for other community health care facilities while 
maintaining a minimum quota for the amount of patients admitted. Level 2 trauma 
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centers are able to initiate general care, but lack the resources for more complex 
procedures. There is 24-hour prompt coverage by general surgeons, as well as coverage 
by the specialties of orthopedic surgery, neurosurgery, anesthesiology, emergency 
medicine, radiology and critical care but hemodialysis, cardiac surgery and microvascular 
surgery can be referred to a Level 1 Trauma Center. Level 3 trauma centers are equipped 
to serve basic functions such as assessment, resuscitation, surgery, and stabilization. 
Unlike Level 1 and 2 centers, Level 3 centers have emergency physicians on call 24 
hours a day, with surgeons available on standby. Level 4 centers can provide advanced 
trauma life support before transferring patients to a higher level center. Finally level 5 
trauma centers provide initial evaluation, stabilization and diagnostic capabilities and 
prepare patients for transfer to higher levels of care. (1, 12/7/17). 
 American College of Surgeons Committee on Trauma (ACS COT) developed the 
Trauma Quality Improvement Program (TQIP). The TQIP’s purpose is to focus on 
improvement of quality of care by allowing different Level 1 and Level 2 trauma centers 
to report validated, risk-adjusted benchmarking. TQIP allows trauma centers to track 
patient care and improve outcomes by identifying and sharing superior practices. 
(American Trauma Society, 2016) Injuries are scored on a scale based on location, type, 
and severity of the trauma. TQIP identifies the type of trauma using the ICD-9 
(International Statistical Classification of Diseases) and an abbreviated injury scale (AIS) 
code which is derived from ICD-9 diagnosis. Injury severity scales allow care providers 
to triage and set priorities, develop a prognoses, and compare different groups (Gennarelli 
& Wodzin, 2006). AIS is derived for the locations of an injury, the perceived severity and 
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threat to life. It is a six digit code followed by a decimal point and a digit ranging from 
one to six. The first number of the predot code (the numbers before the decimal point) 
indicates body region ie. the head. The second digit indicates the type of anatomical 
structure ie. nerves, vessels, or skeletal. The third and fourth digits represent a specific 
anatomical structure ie. cervical versus lumbar spine. The last two digits indicate the type 
of trauma ie. fractures or penetrating wounds. The digits after the decimal point ordinally 
indicate the severity and probability of death. “1” is a minor injury with approximately 
0% chance of death. “2” indicates a moderate injury with 1-2% chance of death. “3” 
indicates a serious injury with 8-10% chance of death. “4” indicates a severe injury with a 
5-50% chance of death. “5” indicates a critical injury with 5-50% chance of death. 
Finally a score of “6” indicates maximum injury that is not survivable, 100% chance of 
death (Copes et al., 1988). The injury severity score (ISS) uses the AIS of 6 different 
body regions: The head and neck, the face, the chest, the abdomen and pelvis, the 
extremities and other external. The highest three AIS scores are squared and added 
together. AIS can range from 1 to 75, if any category has an AIS score of 6 the ISS 
automatically becomes 75.  According to new guidelines an ISS>8 is considered trauma.  
Traumatic Brain Injury 
Traumatic brain injury (TBI) and head injuries are severe types of injuries that 
can take many forms. It can lead to death, permanent disability, and cognitive deficits. 
All TBIs are considered head injuries, but other head injuries can occur to different parts 
of the skull. Often the terms TBI and head injury are used interchangeably. Brain injury 
can be classified by location, mechanism, and severity. TBI is accountable for 52000 
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deaths, 275000 hospitalizations, and 1365000 emergency visits annually. It is the 
contributing factor to 30.5% of trauma related deaths in the United States. 75% of TBIs 
are concussions and other forms of mild traumatic brain injury. TBIs cost an estimated 60 
billion in direct medical costs (Faul et al., 2010). The leading causes of head trauma are 
falls, and motor vehicle-traffic injury, with the highest incidences occurring to children 
age 0-18 and adults age 65 and older. Since 2002 there has been an increase in 
hospitalizations for severe head injury so the need to properly diagnose and treat 
effectively has become paramount (CDC, 2003). TBI is the leading cause of death and 
disability around the globe. 
Brain trauma can occur from rapid acceleration and deceleration of the head, 
penetration by a foreign body or impact resulting in the brain getting contused from the 
inside of the skull. Damage can be caused from the initial injury or from a secondary 
injury that can occur minutes to days later. Some secondary brain injuries include 
increased cerebral pressure, or occluded blood flow to some areas (Sauaia et al., 1995).      
TBI can be extra-axial (inside the skull but outside of the brain) or intra-axial 
(inside the brain tissue); it can also be focal (specific locations) or diffuse (large areas) 
(Seidenwurm, 2007). Diffuse trauma can be detected with neuro imaging techniques but 
lesions can only be detected postmortem (Smithet al., 2003). Concussion, widespread 
neuronal death, and edema are all considered diffuse brain injuries. Intraparenchymal and 
intraventricular hemorrhage are examples of intra-axial hemorrhage. Intra-axial 
hemorrhages are very difficult to treat because intracranial structures are sometimes 
harder to access (Seidenwurm, 2007). Hematoma is an extra axial focal lesion that results 
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from hemorrhage, these include epidural hematoma, subdural hematoma, subarachnoid 
hemorrhage and intraventricular hematoma (Barkley et al., 2007). An epidural hematoma 
is a bleed between the dura matter and the cranial layer of the skull. The most common 
cause is a laceration of the middle meningeal artery, which is especially important 
because the high pressure of the atrerial system can lead to rapid buildup of blood and 
intracranial pressure (ICP). Symptoms usually occur in three phases, an initial loss of 
consciousness, followed by a lucid interval, then a deterioration phase. Deterioration 
includes loss of consciousness, vomiting, and restlessness. Subdural hematoma is when 
blood accumulates between the dura matter and arachnoid matter of the brain. It is 
usually caused by tearing of the bridging vein between the cortex and draining sinus. 
Subarachnoid hemorrhage is bleeding into the space between the arachnoid membrane 
and pia matter of the brain. A common symptom of a subarachnoid hemorrhage is a 
thunderclap headache, a sudden and very severe headache that can often be mistaken as a 
migraine. Trauma or cerebral aneurysm can cause this type of bleeding.  It is usually 
caused by Hemorrhage and hematoma is a common source of secondary injury due to 
increased cranial pressure. An increase in ICP can be catastrophic. Some signs include 
paralysis, abnormal posturing, unilateral muscle weakness, and unreactive pupils 
(Barkley et al., 2007). Cushing’s triad: respiratory depression, slow heart rate and high 
blood pressure all also indicate severe traumatic brain injury with impending herniation 
of the brain (Parikh et al., 2007). 
 A large proportion of people who sustain TBI do not die initially but rather days 
later. 40% of patients admitted for TBI either do not change their disposition or 
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deteriorate (Narayan et al., 2002). The Secondary injury involved with head trauma is 
usually responsible for the delayed mortality. Complex biochemical cellular processes 
can take weeks to come into effect often worsening the initial trauma of the primary 
injury. Other secondary injuries include blood brain barrier damage, overload of reactive 
free radicals, sodium and calcium neuronal influx, damage of mitochondria, and 
excitotoxicity due to excess glutamate release (Park, 2008). A gradual increase in ICP 
can lead to a reduction in cerebral perfusion pressure resulting in ischemia (lack of blood 
blow) to areas of the brain (Morley & Zehtabchi, 2008). If the structural integrity of the 
skull is compromised, increased ICP can lead to cerebral herniation where regions of the 
brain are squeezed into layers of the skull (Bor-Seng-Shu et al., 2013).    
TBI Diagnosis 
Diagnosis of TBI can be difficult because the wide range of symptoms that can 
emerge. The most prominent tools involve the use of the Glasgow Coma Scale (GCS) 
and pupil dilation, but neuro imaging can also be useful. The GCS is the most popular for 
determining TBI severity (Valadka, 2004). It scores a person’s level of consciousness on 
a 15 point scale based on eye opening response, verbal response, and motor response. A 
score of 15 correlates to normal responses in every category, a score of 13 and 14 
indicate mild brain trauma, a score between 9 and 12 indicates moderate brain trauma, an 
8 or less correlates to being comatose, and a score of 3 is totally unresponsive (Parikh et 
al. 2004). Other measures of TBI include duration of post traumatic amnesia, and 
duration of loss of consciousness. Microdialysis is another technique that allows real time 
extracellular fluid (ECF) analysis; the presence of proteins or other metabolites can 
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indicate cellular damage. The most commonly used neurological imaging technique is the 
computed tomography (CT) scan. CT scans are cheaper than magnetic resonance imaging 
(MRI), fast, and can be used later as a follow up diagnostic tool (Barr et al., 2007). 
Electroencephalogram (EEG) is also a useful tool to diagnose TBI, it can discern between 
healthy subjects and injured individuals (Nuwer et al., 2005). Recently mild TBI has been 
diagnosed using psychometric tests for eye-tracking capability. Eye tracking 
measurements are a good metric of working memory and focused attention (Samadani et 
al., 2015).  
TBI Complications and Procedures 
The hour after a TBI is termed “golden hour” where it is important to commence 
treatment (Newgard et al., 2015). En route to the hospital Emergency Medical Services 
(EMS) ensure adequate perfusion, and try to prevent seizures. Triage for the severity of 
an injury begins with the EMS, they decide if the patient will be transported to a regular 
hospital or a designated trauma center. Then emergency or intensive care treatment is 
followed by neurosurgical intervention (Songer, 2001). The main focus is to stabilize the 
patient before any further steps are taken. Once stabilized further assessment of the injury 
can commence. Neuroimaging can be used to characterize the extent of cerebral swelling 
or a more accurate tool is a pressure gauge that can be inserted into a ventricle. The added 
benefit of inserting a ventricular pressure gauge is actual drainage of cerebrospinal fluid 
(Raboel et al., 2012) (Ghajar, 2000). Diuretics and Mannitol are also used to reduce ICP 
but are used with great caution because of the risk of hypovolemia. Any penetrating 
object that causes disruptions of intracranial structures can be removed surgically as long 
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as there is no further risk of injury. Surgeons also search for hemorrhaging blood vessels 
to stem the bleeding. Hematomas can also be managed surgically (Valadka, 2004).  
Deep vein thrombosis, jugular vein distension, neurogenic pulmonary edema, 
seizures, headaches, and cardiac arrhythma are possible complications following TBI. 
When a patient loses consciousness or cannot physically move, it is possible for blood to 
clot in veins (Deep Vein Thrombosis), which can travel to the lungs and cause a 
pulmonary embolism (Bratton & Davis, 1997). Other complications include infection, 
meningitis, pneumonia, and pressure sores. The risk of seizures increases with the 
severity of the brain injury. If a seizure is reported within the first week of the initial 
trauma, the risk of post-traumatic epilepsy is significantly increased (Englander et al., 
2014). 
Skull fractures can shear the membranes of the cerebral meninges, allowing CSF 
to leak out of circulation. A CSF fistula which is a tear between the arachnoid and dura 
membranes allows CSF to leak from the subarachnoid space into the subdural space 
leading to what is known as a subdural hygroma. CSF can also leak into the Eustachian 
canals and out of the nose. This can allow the entrance of bacteria into the meninges and 
ventricles causing meningitis. Meningitis can occur days to weeks after the initial injury, 
and usually occur from penetrating injuries or skull fractures (National Institute of 
Neurological Disorders and Stroke, 2017).  
Other complications that arise can inhibit emotional, behavioral, physical, and 
cognitive health. Patients afflicted with TBI can have impaired thought processes that 
hinder judgment, processing speed, attention and memory. Up to 79% of closed head 
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traumas lead to memory loss (Hall et al, 2005). Some behavioral and emotional changes 
include emotional instability, depression, anxiety and irritability. TBI patients are at a 
higher predisposition for substance abuse, and suicidal ideation, suicide rates amongst 
TBI survivors is two to three times the rate of the normal population (Bey & Ostick, 
2009). Sometimes patients develop post-concussion syndrome, a complication where the 
cognitive and physical deficits last for a long time after the initial event. Second impact 
syndrome can occur if another head trauma occurs after the initial complications of the 
first head trauma. The brain swells uncontrollably and can lead to permanent damage or 
death (Bey & Ostick, 2009). Chronic traumatic encephalopathy may even emerge with 
repeated (Bey & Ostick, 2009).  
Two especially important procedures for severe head trauma are craniotomies, 
and craniectomies. A craniotomy is a procedure in which a portion of the skull is 
temporarily removed to help operate within neural tissue and relieve pressure build up. A 
craniotomy can be done with a conscious or unconscious patients. Once surgeons reach 
the skull there are no more pain receptors so the patient usually feels very little 
discomfort. In the case of TBI a craniotomy is usually performed on an unconscious 
patient after imaging allows surgeons to assess exactly where to remove the skull and 
what angle to cut to reach the desired region of the cranium. Craniotomies can use 
prosthetic artificial bone to replace the removed section of skull, or it can be replaced by 
metal plates and screwed into place (Johns Hopkins Medicine, 2018).  
A craniectomy is the complete removal of a section of skull to allow swelling of 
the damaged brain tissue. The removed section of skull is called a bone flap, the larger 
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the flap removed the more ICP is decreased (Skoglund et al., 2006). A study showed that 
this invasive procedure actually leads to worse functional outcomes for patients, but it 
remains to be seen if this is because the need for a craniectomy implies a very serious 
TBI where more invasive procedures are necessary. However there was shown to be no 
differences in the mortality between patient groups (Cooper et al. 2011). Craniectomies 
are especially useful for young patients whose ICP is not controllable by any other 
methods, but for patients older than the age of 50, outcomes are significantly worse 
(Schneider et al. 2002). Another study showed that 53% of patients experience 
complications following a decompressive craniotomy. The complications happen in 
sequence after surgical intervention: first a newly appearing subdural or epidural 
hematoma contralateral to the caniectomy defect, next cerebral contusion expansion, 
epileptic seizures, external cerebral herniation, and CSF leakage through the scalp 
incision. There is a risk for infection one to four weeks after the operation and post 
traumatic hydrocephalus syndromes develop after one month (Ban et al., 2010).   
Aims 
The aims of this study are to determine any differences in severe head trauma care 
between tier one and tier two trauma centers using the trauma quality improvement 
program. Three phases of treatment were evaluated from initial patient encounter, trauma 
center care, and outcome. 
1. EMS initial evaluations will be used to determine which trauma centers, and 
procedures are preferentially chosen. Also it will be determined if the trauma 
center used can be predicted from EMS variables. 
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2. Use hospital and trauma center metrics to help distinguish differences between 
the course of treatment and outcomes for traumatic brain injury patients 
3. Predict outcomes for patients who undergo specific neurosurgical procedures, 
and the differences in their outcomes based on demographics, level of injury, 
and which trauma centers treated them. 
 
We expect the results will show: 
1. Total EMS response time will be shorter for more severe injuries. It will also 
be shorter for patients brought to tier 1 trauma centers because the need to 
transport quickly outweighs other concerns for more severe head traumas. 
2. The AIS will allow us to predict the length of stay for head trauma patients  
3. Length of time to surgical intervention for craniotomy, craniectomy, and 
pressure gauge insertions will allow us to predict the discharge outcome of 
head trauma patients. 
4. Tier 1 trauma centers will commence operations more quickly than tier 2 
trauma centers leading to more favorable outcomes 
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METHODS 
Trauma Data 
 Data entered into the trauma quality improvement program was analyzed for the 
year 2015. TQIP data is divided into 23 files describing the AIS, pre-existing 
comorbidities, complications, demographic information, ICD-9 diagnosis codes, 
discharge and outcome information, ICD-9 external cause of injury code, Emergency 
department information, facility information, ICD-10 diagnosis information, ICD-10, 
ICD-10 injury location information, ICD-10 procedure codes, external cause of injury 
code, protective devices, transport information, and EMS and Emergency Department 
vital signs.  
Head trauma incidences without death from other causes were tracked using ICD 
10 injury codes in SPSS v.22.  
 
Table 1: ICD 10 Injury Codes 
ICD 10 Injury Code Definition 
S06.0X0A Concussion without loss of consciousness, 
initial encounter 
S06.0X1A Concussion with loss of consciousness of 30 
minutes or less, initial encounter 
S06.0X3A Concussion with loss of consciousness of 
1 hour to 5 hours 59 minutes, initial 
encounter 
S06.0X5A Concussion with loss of consciousness 
greater than 24 hours with return to pre-
existing conscious level, initial encounter 
S06.0X6A Concussion w LOC > 24 hours w/o return 
to pre-existing conscious level w patient 
surviving, initial encounter 
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S06.0X9A Concussion with loss of consciousness of 
NOS duration, initial encounter 
S06.1X0A Traumatic cerebral edema without loss of 
consciousness, initial encounter 
S06.1X1A Traumatic cerebral edema with loss of 
consciousness of 30 minutes or less, 
initial encounter 
S06.1X5A Traumatic cerebral edema w LOC > 24 
hours w return to pre-existing conscious 
level, initial encounter 
S06.1X6A Traumatic cerebral edema w LOC > 24 
hours w/o return to pre-existing conscious 
level w patient surviving, initial encounter 
S06.1X7A Traumatic cerebral edema w LOC of any 
duration w death due to brain injury prior 
to regaining consciousness, initial 
encounter 
S06.1X9A Traumatic cerebral edema with loss of 
consciousness of NOS duration, initial 
encounter 
S06.2X1A Diffuse traumatic brain injury with loss of 
consciousness of 30 minutes or less, 
initial encounter 
S06.2X4A Diffuse traumatic brain injury with loss of 
consciousness of 6 hours to 24 hours, 
initial encounter 
S06.2X6A Diffuse traumatic brain injury w LOC > 
24 hours w/o return to pre-existing 
conscious level w patient surviving, initial 
encounter 
S06.2X7A Diffuse traumatic brain injury w LOC of 
any duration w death due to brain injury, 
initial encounter 
S06.2X9A Diffuse traumatic brain injury with loss of 
consciousness of NOS duration, initial 
encounter 
S06.300A Unspecified focal traumatic brain injury 
without loss of consciousness, initial 
encounter 
S06.301A Unspecified focal traumatic brain injury 
with loss of consciousness of 30 minutes 
or less, initial encounter 
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S06.303A Unspecified focal traumatic brain injury 
with loss of consciousness of 1 hour to 5 
hours 59 minutes, initial encounter 
S06.304A Unspecified focal traumatic brain injury 
with loss of consciousness of 6 hours to 
24 hours, initial encounter 
S06.307A Unspec focal traumatic brain injury w 
LOC of any duration w death due to brain 
injury, initial encounter 
S06.308A Unspec focal traumatic brain injury w 
LOC of any duration w death due to other 
cause, initial encounter 
S06.309A Unspecified focal traumatic brain injury 
with loss of consciousness of NOS 
duration, initial encounter 
S06.310A Contusion and laceration of right 
cerebrum without loss of consciousness, 
initial encounter 
S06.311A Contusion and laceration of right 
cerebrum with loss of consciousness of 30 
minutes or less, initial encounter 
S06.313A Contusion and laceration of right 
cerebrum with loss of consciousness of 1 
hour to 5 hours 59 minutes, initial 
encounter 
S06.319A Contusion and laceration of right 
cerebrum with loss of consciousness of 
NOS duration, initial encounter 
S06.320A Contusion and laceration of left cerebrum 
without loss of consciousness, initial 
encounter 
S06.321A Contusion and laceration of left cerebrum 
with loss of consciousness of 30 minutes 
or less, initial encounter 
S06.325A Contusion & laceration of left cerebrum w 
LOC > 24 hours w return to pre-existing 
conscious level, initial encounter 
S06.327A Contusion & laceration of left cerebrum w 
LOC of any duration w death due to brain 
injury, initial encounter 
S06.329A Contusion and laceration of left cerebrum 
with loss of consciousness of NOS 
duration, initial encounter 
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S06.330A Contusion and laceration of cerebrum, 
NOS, without loss of consciousness, 
initial encounter 
S06.331A Contusion and laceration of cerebrum, 
NOS, with loss of consciousness of 30 
minutes or less, initial encounter 
S06.333A Contusion and laceration of cerebrum, 
NOS, with loss of consciousness of 1 hour 
to 5 hours 59 minutes, initial encounter 
S06.336A Contusion & laceration of cerebrum, 
unspec, w LOC > 24 hours w/o return w 
patient surviving, initial encounter 
S06.337A Contusion & laceration of cerebrum, 
unspec, w LOC of any duration w death 
due to brain injury, initial encounter 
S06.338A Contusion & laceration of cerebrum, 
unspec, w LOC of any duration w death 
due to other cause, initial encounter 
S06.339A Contusion and laceration of cerebrum, 
NOS, with loss of consciousness of NOS 
duration, initial encounter 
S06.340A Traumatic hemorrhage of right cerebrum 
without loss of consciousness, initial 
encounter 
S06.341A Traumatic hemorrhage of right cerebrum 
with loss of consciousness of 30 minutes 
or less, initial encounter 
S06.343A Traumatic hemorrhage of right cerebrum 
with loss of consciousness of 1 hours to 5 
hours 59 minutes, initial encounter 
S06.347A Traumatic hemorrhage of right cerebrum 
w LOC of any duration w death due to 
brain injury, initial encounter 
S06.349A Traumatic hemorrhage of right cerebrum 
with loss of consciousness of NOS 
duration, initial encounter 
S06.350A Traumatic hemorrhage of left cerebrum 
without loss of consciousness, initial 
encounter 
S06.351A Traumatic hemorrhage of left cerebrum 
with loss of consciousness of 30 minutes 
or less, initial encounter 
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S06.356A Traumatic hemorrhage of left cerebrum w 
LOC > 24 hours w/o return w patient 
surviving, initial encounter 
S06.357A Traumatic hemorrhage of left cerebrum w 
LOC of any duration w death due to brain 
injury, initial encounter 
S06.358A Traumatic hemorrhage of left cerebrum w 
LOC of any duration w death due to other 
cause, initial encounter 
S06.359A - Traumatic hemorrhage of left cerebrum 
with loss of consciousness of NOS 
duration, initial encounter 
S06.360A Traumatic hemorrhage of cerebrum, NOS, 
without loss of consciousness, initial 
encounter 
S06.361A Traumatic hemorrhage of cerebrum, NOS, 
with loss of consciousness of 30 minutes 
or less, initial encounter 
S06.362A Traumatic hemorrhage of cerebrum, NOS, 
with loss of consciousness of 31 minutes 
to 59 minutes, initial encounter 
S06.365A Traumatic hemorrhage of cerebrum, NOS, 
w LOC > 24 hours w return to pre-
existing conscious level, initial encounter 
S06.366A Traumatic hemorrhage of cerebrum, 
unspec, w LOC > 24 hours w/o return w 
patient surviving, initial encounter 
S06.367A Traumatic hemorrhage of cerebrum, 
unspec, w LOC of any duration w death 
due to brain injury, initial encounter 
S06.368A Traumatic hemorrhage of cerebrum, 
unspec, w LOC of any duration w death 
due to other cause, initial encounter 
S06.369A Traumatic hemorrhage of cerebrum, NOS, 
with loss of consciousness of NOS 
duration, initial encounter 
S06.370A Contusion, laceration, and hemorrhage of 
cerebellum without loss of consciousness, 
initial encounter 
S06.371A Contusion, laceration, and hemorrhage of 
cerebellum with loss of consciousness of 
30 minutes or less, initial encounter 
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S06.376A Contusion, laceration, & hemorrhage of 
cerebellum w LOC > 24 hours w/o return 
w patient surviving, initial encounter 
S06.378A Contusion, laceration, & hemorrhage of 
cerebellum w LOC of any duration w 
death due to other cause, initial encounter 
S06.379A Contusion, laceration, and hemorrhage of 
cerebellum with loss of consciousness of 
NOS duration, initial encounter 
S06.386A Contusion, laceration, & hemorrhage of 
brainstem w LOC > 24 hours w/o return w 
patient surviving, initial encounter 
S06.387A Contusion, laceration, & hemorrhage of 
brainstem w LOC of any duration w death 
due to brain injury, initial encounter 
S06.388A Contusion, laceration, & hemorrhage of 
brainstem w LOC of any duration w death 
due to other cause, initial encounter 
S06.389A Contusion, laceration, and hemorrhage of 
brainstem with loss of consciousness of 
NOS duration, initial encounter 
S06.4X0A Epidural hemorrhage without loss of 
consciousness, initial encounter 
S06.4X1A Epidural hemorrhage with loss of 
consciousness of 30 minutes or less, 
initial encounter 
S06.4X2A Epidural hemorrhage with loss of 
consciousness of 31 minutes to 59 
minutes, initial encounter 
S06.4X5A Epidural hemorrhage w loss of 
consciousness greater than 24 hours w 
return to pre-existing conscious level, 
initial encounter 
S06.4X6A Epidural hemorrhage w LOC > 24 hours 
w/o return to pre-existing conscious level 
w patient surviving, initial encounter 
S06.4X8A Epidural hemorrhage w LOC of any 
duration w death due to other causes prior 
to regaining consciousness, initial 
encounter 
S06.4X9A Epidural hemorrhage with loss of 
consciousness of NOS duration, initial 
encounter 
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S06.5X0A Traumatic subdural hemorrhage without 
loss of consciousness, initial encounter 
S06.5X1A Traumatic subdural hemorrhage with loss 
of consciousness of 30 minutes or less, 
initial encounter 
S06.5X2A Traumatic subdural hemorrhage with loss 
of consciousness of 31 minutes to 59 
minutes, initial encounter 
S06.5X3A Traumatic subdural hemorrhage with loss 
of consciousness of 1 hour to 5 hours 59 
minutes, initial encounter 
S06.5X4A Traumatic subdural hemorrhage with loss 
of consciousness of 6 hours to 24 hours, 
initial encounter 
S06.5X5A Traumatic subdural hemorrhage w LOC > 
24 hours w return to pre-existing 
conscious level, initial encounter 
S06.5X6A Traumatic subdural hemorrhage w LOC > 
24 hours w/o return to pre-existing 
conscious level w patient surviving, initial 
encounter 
S06.5X7A Traumatic subdural hemorrhage w LOC 
of any duration w death due to brain 
injury, initial encounter 
S06.5X8A Traumatic subdural hemorrhage w LOC 
of any duration w death due to other cause 
before regaining consciousness, initial 
encounter 
S06.5X9A Traumatic subdural hemorrhage with loss 
of consciousness of NOS duration, initial 
encounter 
S06.6X0A Traumatic subarachnoid hemorrhage 
without loss of consciousness, initial 
encounter 
S06.6X1A Traumatic subarachnoid hemorrhage with 
loss of consciousness of 30 minutes or 
less, initial encounter 
S06.6X2A Traumatic subarachnoid hemorrhage with 
loss of consciousness of 31 minutes to 59 
minutes, initial encounter 
S06.6X3A Traumatic subarachnoid hemorrhage with 
loss of consciousness of 1 hour to 5 hours 
59 minutes, initial encounter 
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S06.6X4A Traumatic subarachnoid hemorrhage with 
loss of consciousness of 6 hours to 24 
hours, initial encounter 
S06.6X5A Traumatic subarachnoid hemorrhage w 
LOC > 24 hours w return to pre-existing 
conscious level, initial encounter 
S06.6X6A Traumatic subarachnoid hemorrhage w 
LOC > 24 hours w/o return w patient 
surviving, initial encounter 
S06.6X7A Traumatic subarachnoid hemorrhage w 
LOC of any duration w death due to brain 
injury, initial encounter 
S06.6X8A Traumatic subarachnoid hemorrhage w 
LOC of any duration w death due to other 
cause, initial encounter 
S06.6X9A Traumatic subarachnoid hemorrhage with 
loss of consciousness of NOS duration, 
initial encounter 
S06.810A Injury of right internal carotid artery, 
intracranial portion NEC w/o LOC, initial 
encounter 
S06.811A Injury of right internal carotid artery, 
intracranial portion NEC w LOC of < 30 
mins, initial encounter 
S06.821A Injury of left internal carotid artery, 
intracranial portion NEC w LOC of < 30 
mins, initial encounter 
S06.890A Other specified intracranial injury without 
loss of consciousness, initial encounter 
S06.891A Other specified intracranial injury with 
loss of consciousness of 30 minutes or 
less, initial encounter 
S06.892A Other specified intracranial injury with 
loss of consciousness of 31 minutes to 59 
minutes, initial encounter 
S06.893A Other specified intracranial injury with 
loss of consciousness of 1 hour to 5 hours 
59 minutes, initial encounter 
S06.894A Other specified intracranial injury with 
loss of consciousness of 6 hours to 24 
hours, initial encounter 
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S06.895A Other specified intracranial injury w LOC 
> 24 hours w return to pre-existing 
conscious level, initial encounter 
S06.896A Other specified intracranial injury w LOC 
> 24 hours w/o return w patient surviving, 
initial encounter 
S06.897A Other specified intracranial injury w LOC 
of any duration w death due to brain 
injury, initial encounter 
S06.898A Other specified intracranial injury w LOC 
of any duration w death due to other 
cause, initial encounter 
S06.899A Other specified intracranial injury with 
loss of consciousness of NOS duration, 
initial encounter 
S06.9X0A Unspecified intracranial injury without 
loss of consciousness, initial encounter 
S06.9X1A Unspecified intracranial injury with loss 
of consciousness of 30 minutes or less, 
initial encounter 
S06.9X2A Unspecified intracranial injury with loss 
of consciousness of 31 minutes to 59 
minutes, initial encounter 
S06.9X3A Unspecified intracranial injury with loss 
of consciousness of 1 hour to 5 hours 59 
minutes, initial encounter 
S06.9X6A Unspec intracranial injury w LOC > 24 
hours w/o return to pre-existing conscious 
level w patient surviving, initial encounter 
S06.9X8A Unspec intracranial injury w LOC of any 
duration w death due to other cause prior 
to regaining consciousness, initial 
encounter 
S06.9X9A Unspecified intracranial injury with loss 
of consciousness of NOS duration, initial 
encounter 
S06.9X9S Unspecified intracranial injury with loss 
of consciousness of NOS duration, 
sequela 
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 Each incidence of head trauma was evaluated independently of other injuries. 
The cohort of patients who experienced head trauma where then merged with incident 
codes describing their specific demographic data. 14208 patients were identified with at 
least a single incidence of head trauma, 4864 patients had multiple head traumas while 
4480 patients had only a single diagnosed head trauma. Of the 9344 patients who 
experienced at least a single head trauma 5780 patients were treated at either a tier one or 
tier two trauma center. Chi-Square tests were used to determine any differences between 
gender, race, the number of adult beds, the number of beds in the burn unit, the number 
of beds in the ICU for burn recovery, number of beds available in the ICU for trauma 
recovery, the number of neuro surgeons available, the number of orthopedic surgeons 
available, and the number of trauma surgeons available between the trauma centers. The 
average EMS response for tier one and tier two trauma centers was evaluated using an 
independent samples T-test. Average GCS recorded by EMS admitted to the different 
trauma centers was evaluated using a Mann-Whitney U test because GCS is an ordinal 
value. Binomial logistic regression was then employed to determine if EMS variables of 
time at the scene, reported GCS, respiratory rate and pulse could predict which trauma 
centers the patients would be transported to.  
ISS scores based on AIS were also compared between the tiered trauma centers.  
An independent samples T-test was used to compare the mean length of stay between the 
grouping variables of tier one and tier two trauma centers. Next, independent samples T-
tests were used to compare mean length of stay for single head trauma and multiple head 
trauma patients respectively, using the ACS level trauma centers as the grouping variable. 
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5474 head trauma patients reported to the emergency department. A T-test was used to 
differentiate the means of ED length of stay. Tier 1 trauma centers reported 3676 patients 
with a form of head trauma and a valid ISS score, Tier 2 trauma centers reported 2014 
patients with a valid ISS score. A linear regression was used to predict length of stay 
based on each patients ISS score in each level trauma center respectively.  
Next severe head injuries were controlled for by evaluating patients with a GCS 
of less than eight. T-tests were used again to compare the mean EMS response time, total 
length of stay, and length of stay in the emergency department. 
The head trauma neurosurgical procedures conducted were then evaluated. 
Craniotomies, craniectomies, reopening a craniotomy site, insertions of intracranial 
pressure monitors, and insertions of external ventricular drains were all examined.10,073 
patients underwent at least one head trauma procedure. Logistic regression was used to 
determine if the level of trauma center can predict which procedures are preferentially 
used. ISS and EMS time at the scene were added to the model to increase predictive 
power.  5057 patients underwent a craniotomy, of that 3254 had valid measurements for 
the length of time before their procedure. A T-test was used to determine the differences 
in mean length of time to procedure for the two level trauma centers. Next a nominal 
regression was used to determine if the level of trauma center and ISS can help predict 
patient outcomes for craniotomies. 1830 patients underwent a craniectomy, of that 1201 
had valid measurements for the length of time before their procedure. A T-test was used 
to determine the differences in mean length of time to procedure for the two level trauma 
centers. Multinoial logistic regression was used to determine if the level of trauma center 
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and ISS can help predict patient outcomes for craniotomies, craniotomies, insertions of 
intracranial pressure monitors and Insertions of extra ventricular drains.   
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RESULTS 
Chi squared analysis to compare gender, race, the number of adult beds, the number of 
beds in the burn unit, the number of beds in the ICU for burn recovery, number of beds 
available in the ICU for trauma recovery, the number of neurosurgeons available, the 
number of orthopedic surgeons available, and the number of trauma surgeons available 
between the trauma centers showed significant (p<0.005) differences between the tiered 
centers.  
Demographic Relationships Between ACS Levels and Availability of Specific Care: 
Table 2: Gender Chi Squared Descriptives 
 
 
 
 
ACS Level Female Male Total 
Level 1 Count 1295 2430 3725 
Expected 
Count 
1366.9 2358.1 3725 
Adjusted 
Residual 
-4.1 4.1 
 
Level 2 Count 826 1229 2055 
Expected 
Count 
754.1 1300.9 2055 
Adjusted 
Residual 
4.1 -4.1 
 
Level 1 and Level 2 Count 2121 3659 5780 
Expected 
Count 
2121 3659 5780 
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Table 2a: Gender Chi Squared Analysis 
 Value Df Significance 
(2 sided) 
Exact 
Significance 
(2-sided) 
Exact 
Significance 
(1-sided) 
Pearson 
Chi-Square 
16.071 1 < 0.005   
Continuity 
Correlation 
15.837 1 < 0.005   
Likelihood 
Ratio 
15.989 1 < 0.005   
Fisher’s 
Exact Test 
   < 0.005 < 0.005 
Valid Cases 5474     
 
Table 3: Neurosurgeons Available Chi Squared Descriptives 
 
Neurosurgeons Available 
1-2 3-5 >6 Total 
ACS 
Level 1 
Count 316 1615 1794 3725 
Expected 
Count 
369.3 1796.1 1559.6 3725 
Adjusted 
Residual 
-4.9 -10 13.1  
Count 257 1172 626 2055 
ACS 
Level 2 
Expected 
Count 
203.7 990.9 860.4 2055 
Adjusted 
Residual 
4.9 10 -13.1 
 
Count 573 2787 2420 5780 
ACS 
Level 1 
and 
Level 2 
Expected 
Count 
573 2787 2420 5780 
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Table 3a: Neurosurgeons Available Chi Squared analysis 
 Value Df Significance (2-
sided) 
Pearson Chi-
Square 
172.076 2 < 0.005 
Likelihood Ratio 175.298 2 < 0.005 
Valid Cases 5780   
 
Table 4: Orthopedic Surgeons Available Chi Squared Descriptives 
 
  Orthopedic Surgeons Available 
1-4 5-6 7-9 10-15 >15 Total 
ACS 
Level 1 
Count 384 764 564 1548 465 3725 
Expected 
Count 
418.9 672.2 787.5 1472 374.4 3725 
Adjusted 
Residual 
-3 6.6 -15 4.3 8.3 
 
ACS 
Level 2 
Count 266 279 658 736 116 2055 
Expected 
Count 
231.1 370.8 434.5 812 206.6 2055 
Adjusted 
Residual 
3 -6.6 15 -4.3 -8.3 
 
ACS 
Level 1 
and 
Level 2 
Count 650 1043 1222 2284 581 5780 
Expected 
Count 
650 1043 1222 2284 581 5780 
 
Table 4a: Orthopedic Surgeons Available Chi Squared Analysis 
 Value df Significance (2-
sided) 
Pearson Chi-
Square 
294.582 4 < 0.005 
Likelihood Ratio 293.389 4 < 0.005 
Valid Cases 5780   
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Table 5: Trauma Surgeons Available Chi Squared Descriptives 
 
Trauma Surgeons Available 
1-3 4-6 7-8 >8 Total 
ACS 
Level 1 
Count 0 1525 787 1413 3725 
Expected 
Count 
72.2 1747.1 817.2 1088.5 3725 
Adjusted 
Residual 
-14.4 -12.2 -2 19.6 
 
ACS 
Level 2 
Count 112 1186 481 276 2055 
Expected 
Count 
39.8 963.9 450.8 600.5 2055 
Adjusted 
Residual 
14.4 12.2 2 -19.6 
 
ACS 
Level 1 
and 
Level 2 
Count 112 2711 1268 1689 5780 
Expected 
Count 
112 2711 1268 1689 5780 
 
Table 5a: Trauma Surgeons Available Chi Squared Analysis 
 Value df Significance (2-
sided) 
Pearson Chi-
Square 
557.688 3 < 0.005 
Likelihood Ratio 620.178 3 < 0.005 
Valid Cases 5780   
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Table 6a: Race Chi Squared Analysis 
 Value df Significance (2-
sided) 
Pearson Chi-
Square 
265.978 7 < 0.005 
Likelihood Ratio 263.813 7 < 0.005 
Valid Cases 5780   
 
Table 7: Number of Adult Beds Chi Squared Descriptives 
 Number of Adult Beds 
>500  101-250 251-350 351-500 Total 
ACS 
Level 1 
Count 2790 165 203 567 3725 
Expected 
Count 
2151.9 475 498.2 600 3725 
Adjusted 
Residual 
35.5 -25.5 -23.8 -2.5 
 
ACS 
Level 2 
Count 549 572 570 364 2055 
Expected 
Count 
1187.1 262 274.8 331 2055 
Adjusted 
Residual 
-35.5 25.5 23.8 2.5 
 
ACS 
Level 1 
and 
Level 2 
Count 3339 737 773 931 5780 
Expected 
Count 
3339 737 773 931 5780 
 
Table 7a: Number of Adult Beds Chi Squared Analysis 
 Value Df Significance (2-
sided) 
Pearson Chi-
Square 
1598.245 3 < 0.005 
Likelihood Ratio 1618.739 3 < 0.005 
Valid Cases 5780   
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Table 8: Number of Burn Beds Chi Squared Descriptives 
 Number of Burn Beds 
0 1-5 6-10 11-
15 
15-
20 
>20 Not 
Known/No
t Record 
Tota
l 
ACS 
Leve
l 1 
Count 1901 58 668 302 381 415 0 3725 
Expecte
d Count 
2507.
6 
37.4 458.
2 
194.
6 
255.
2 
267.
5 
4.5 3725 
Adjusted 
Residual 
-35.5 5.7 17.6 13.3 13.7 15.7 -3.6 
 
ACS 
Leve
l 2 
Count 1990 0 43 0 15 0 7 2055 
Expecte
d Count 
1383.
4 
20.6 252.
8 
107.
4 
140.
8 
147.
5 
2.5 2055 
Adjusted 
Residual 
35.5 -5.7 -17.6 -13.3 -13.7 -15.7 3.6 
 
ACS 
Leve
l 1 
and 
Leve
l 2 
Count 3891 58 711 302 396 415 7 5780 
Expecte
d Count 
3891 58 711 302 396 415 7 5780 
 
Table 8a: Number of Burn Beds Chi Squared Analysis 
 Value df Significance (2-
sided) 
Pearson Chi-
Square 
1297.518 6 < 0.005 
Likelihood Ratio 1679.048 6 < 0.005 
Valid Cases 5780   
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Table 9: Number of ICU Burn Recovery Beds Chi Squared Descriptives 
 
ICU Burn Recovery Beds 
>2 0 1-5 6-8 9-10 11-
12 
Not 
Known/ 
Not 
Recorded 
Total 
ACS 
Level 
1 
Count 280 1841 454 664 332 154 0 3725 
Expecte
d Count 
190.
1 
2437.
4 
292.
6 
455.
6 
245.5 99.
2 
4.5 3725 
Adjuste
d 
Residual 
11.2 -34.5 16.5 17.5 9.6 9.3 -3.6 
 
ACS 
Level 
2 
Count 15 1941 0 43 49 0 7 2055 
Expecte
d Count 
104.
9 
1344.
6 
161.
4 
251.
4 
135.5 54.
8 
2.5 2055 
Adjuste
d 
Residual 
-11.2 34.5 -16.5 -17.5 -9.6 -9.3 3.6 
 
ACS 
Level 
1 and 
Level 
2 
Count 295 3782 454 707 381 154 7 5780 
Expecte
d Count 
295 3782 454 707 381 154 7 5780 
 
Table 9a: Number of ICU Burn Recovery Beds Chi Squared Analysis 
 Value df Significance (2-
sided) 
Pearson Chi-
Square 
1231.674 6 < 0.005 
Likelihood Ratio 1547.892 6 < 0.005 
Valid Cases 5780   
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Table 10: Number of ICU Trauma Recovery Beds Chi Squared Descriptives 
 
ICU Trauma Recovery Beds 
0 1-10 11-15 16-25 26-35 >35 Total 
ACS 
Level 
1 
Count 0 1 228 1028 971 1497 3725 
Expecte
d Count 
39.3 8.4 328 1305.7 819.1 1224.5 3725 
Adjusted 
Residual 
-10.6 -4.3 -9.7 -16 10.1 15.9 
 
ACS 
Level 
2 
Count 61 12 281 998 300 403 2055 
Expecte
d Count 
21.7 4.6 181 720.3 451.9 675.5 2055 
Adjusted 
Residual 
10.6 4.3 9.7 16 -10.1 -15.9 
 
ACS 
Level 
1 and 
Level 
2 
Count 61 13 509 2026 1271 1900 5780 
Expecte
d Count 
61 13 509 2026 1271 1900 5780 
 
 
Table 10a: Number of ICU Trauma Recovery Beds Chi Squared Analysis 
 Value Df Significance (2-sided) 
Pearson Chi-
Square 
639.555 5 < 0.005 
Likelihood 
Ratio 
655.290 5 < 0.005 
Valid Cases 5780   
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TBI Severity Relationship to ACS Level of Care: 
Mann-Whitney tests showed significant differences in the average total GCS (p=0.006), 
Motor GCS (p<0.005) and Verbal GCS (p=0.012), and Eye GCS (p<0.005) between tier 
1 and tier 2 trauma centers.  
Table 11: Total GCS Mann-Witney Descriptives  
 
 
 
Table 11a: Total GCS Mann-Witney Test Statistics 
 
 
 
 
Table 12: Motor GCS Mann-Witney Descriptives 
ACS Level N Mean Rank Sum of 
Ranks 
1 2021 1639.12 3312658 
2 1350 1756.18 2370848 
Total 3371 
  
 
 
ACS Level N Mean 
Rank 
Sum of 
Ranks 
1 2021 1651.21 3337098 
2 1350 1738.08 2346409 
Total 3371 
  
Test Statisticsa  
Total GCS 
Mann-Whitney U 1293867 
Wilcoxon W 3337098 
Z -2.721 
Asymp. Sig. (2-tailed) 0.006 
a. Grouping Variable: ACS level 
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Table 12a: Motor GCS Mann-Witney Test Statistics 
 
 
 
 
Table 13: Verbal GCS Mann-Witney Descriptives    
ACS Level N Mean Rank Sum of 
Ranks 
1 2021 1654.17 3343081.5 
2 1350 1733.65 2340424.5 
Total 3371 
  
 
Table 13a: Verbal GCS Mann-Witney Test Statistics 
 
 
 
 
 
Test Statisticsa  
Motor GCS 
Mann-Whitney U 1269427 
Wilcoxon W 3312658 
Z -4.259 
Asymp. Sig. (2-
tailed) 
<0.005 
a. Grouping Variable: ACS level 
Test  Statisticsa 
 
Verbal GCS 
Mann-Whitney U 1299850.5 
Wilcoxon W 3343081.5 
Z -2.520 
Asymp. Sig. (2-tailed) 0.012 
a. Grouping Variable: ACS level 
 35 
 
 
Table 14: Eye GCS Mann-Witney Descriptives 
 
 
 
Table 14a: Eye GCS Mann-Witney Test Statistics 
Test Statisticsa 
 
Eye 
GCS 
Mann-Whitney U 1287361 
Wilcoxon W 3330592 
Z -3.494 
Asymp. Sig. (2-
tailed) 
<0.005 
a. Grouping Variable: ACS level 
 
EMS Metrics Relationship to ACS Level of Care:  
The average length of EMS response showed patients admitted to tier 1 trauma centers 
spent significantly longer with EMS responders than tier 2 centers. 
 
ACS Level N Mean Rank Sum of 
Ranks 
1 2021 1647.99 3330592.00 
2 1350 1742.90 2352914.00 
Total 3371 
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Table 15: EMS Minutes T-test Descriptive Statistics 
ACS Level N Mean Std. 
Deviation 
Std. Error 
Mean 
1 1215 327.324 601.39 17.253 
2 512 165.916 429.24 18.970 
 
Table 15a: EMS Minutes Independent Samples Test 
 
Levene's 
Test for 
Equality of 
Variances 
T-test for Equality of Means 
F Sig. t df Sig. 
(2-
taile
d) 
Mean 
Differe
nce 
Std. 
Error 
Differe
nce 
95% 
Confidence 
Interval of the 
Difference 
Lower Upper 
Equal 
varian
ces 
assum
ed 
114.8
15 
<0.0
05 
5.5
1 
1725 <0.0
05 
161.408
3 
29.2944
2 
103.95
19 
218.86
46 
Equal variances not 
assumed 
6.2
95 
1324.5
42 
<0.0
05 
161.408
3 
25.6426
2 
111.10
37 
211.71
28 
 
Logistic regression performed to determine the ACS level of trauma center from EMS 
variables of GCS, length of EMS response, initial respiratory rate and pulse was shown to 
be a significant model. EMS and GCS were shown to have significant effects on the 
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model while initial pulse and respiratory rate were shown to be insignificant. However 
the overall variance that can be accounted for by the variables was 0.7% using Cox and 
Snell R Square analysis, and 1% using Nagelkerke R Square analysis. 
 
Table 16: Logistic Regression EMS Variables vs. ACS Level Overall Significance 
 
B S.E. Wald df Sig. Exp(B
) 
Step 0 -0.383 0.037 107.99
5 
1 <0.00
5 
0.682 
 
Table 16a: Logistic Regression EMS Variables vs. ACS Level Variables in the 
Equation 
Nominal Regression Variables in the Equation 
 
B S.E. Wald D
f 
Sig. Exp(B
) 
95% C.I.for 
EXP(B) 
Lower Upper 
EMS Minutes 0 0 4.291 1 0.038 1 1 1 
Total GCS 0.038 0.01 13.82
3 
1 <0.00
5 
1.039 1.018 1.06 
Respiratory 
Rate 
0.004 0.00
7 
0.385 1 0.535 1.004 0.991 1.018 
Pulse -
0.003 
0.00
2 
2.204 1 0.138 0.997 0.994 1.001 
Constant -
0.676 
0.23
3 
8.399 1 0.004 0.508 
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Table 16b: Logistic Regression EMS Variables vs. ACS Level Explanations of 
Variance 
Nominal Regression Explanations of Variance 
Step -2 Log 
likelihood 
Cox & 
Snell R 
Square 
Nagelkerke R 
Square 
1 4104.037 0.007 0.01 
 
Trauma Center Metrics Compared Across ACS Levels: 
ISS scores based on AIS were also compared between the tiered trauma centers using an 
independent samples T-test that showed significantly higher ISS scores for tier 1 centers. 
Table 17: Group Statistics (ISS) T-test 
ACS Level N Mean Std. 
Deviation 
Std. 
Error 
Mean 
1 3680 17.43 10.014 0.165 
2 2014 15.53 9.208 0.205 
 
Table 17a: Independent Samples T-test (ISS) 
 
Levene's Test 
for Equality 
of Variances 
t-test for Equality 
of Means 
 
F Sig. t df Sig. 
(2-
taile
d) 
Mean 
Diffe
rence 
Std. 
Error 
Differen
ce 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
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Equal 
varian
ces 
assume
d 
10.987 0.001 7.012 56
92 
<0.0
05 
1.892 0.27 1.363 2.421 
Equal variances not 
assumed 
7.185 44
43.
70
2 
<0.0
05 
1.892 0.263 1.376 2.409 
 
  An independent samples T-test was showed longer mean length of stay in tier 1 trauma 
centers than tier two trauma centers (p<0.005), and further analysis used to compare 
mean length of stay for single head trauma and multiple head trauma patients respectively 
also showed significance (p<0.005). 
Table 18: Length of Stay All Head Trauma Patients Group Statistics 
ACS Level N Mean Std. 
Deviation 
Std. Error 
Mean 
1 3725 11593.285 17802.751 291.691 
2 2055 8614.867 12250.417 270.237 
 
Table 18a: Independent Samples Test All Head Trauma Patients Length of Stay 
 
Levene's Test for 
Equality of 
Variances 
T-test for Equality of Means 
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F Sig. t df Sig. 
(2-
tail
ed) 
Mea
n 
Diffe
rence 
Std.  
Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal 
varian
ces 
assum
ed 
75.25
9 
<0.005 6.753 5778 <0.
005 
2978.
417 
441.0464 2113.801 3843.034 
Equal variances not 
assumed 
3.662 1372.
777 
<0.
005 
3650.
692 
996.8768 1695.125 5606.258 
 
 
 
 
Table 19: Single Head Trauma Patients Length of Hospital Stay Group Statistics 
Single Head Trauma Patients Length of Hospital Stay 
ACS Level N Mean Std. 
Deviation 
Std. Error 
Mean 
1 2510 9625.01
4 
13509.19 269.645 
2 1543 7488.71 10289 261.9331 
 
Table 19a: Independent Samples Test Single Head Trauma Patients Length of Stay 
 
Levene's Test 
for Equality of 
Variances 
T-test for Equality of Means 
F Sig. t df Sig. 
(2-
tailed
) 
Mean 
Differen
ce 
Std. 
Error 
Differe
nce 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal 
variance
42.529 <0.00
5 
5.333 405
1 
<0.00
5 
2136.303 400.57 1350.966 2921.641 
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s 
assumed 
Equal variances not 
assumed 
5.683 387
0.5
18 
<0.00
5 
2136.303 375.922 1399.279 2873.327 
 
Table 20: Multiple Head Trauma Patients Length of Hospital Stay Group Statistics 
ACS Level N Mean Std. 
Deviation 
Std. Error 
Mean 
1 1215 15659.42798 23884.96703 685.230218
9 
2 512 12008.73633 16382.98311 724.032403
5 
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2835 head trauma patients reported to the emergency department. A T-test showed a 
significant difference in the mean length of ED stay between the two levels of trauma 
centers (p<0.005). Level 1 centers showed significantly longer stays for head trauma 
patients than Level 2 centers. 
Table 21: Length of Stay in The Emergency Department Group Statistics 
ACS Level N Mean Std. 
Deviation 
Std. Error 
Mean 
1 3519 304.596 295.166 4.975 
2 2055 8614.867 12250.417 270.237 
 
Table 21a: Independent Samples Test Length of Stay in the Emergency 
Department 
 
Levene's Test for 
Equality of 
Variances 
T-test for Equality of Means 
F Sig. t df Sig. 
(2-
taile
d) 
Mean 
Differ
ence 
Std. 
Error 
Differen
ce 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Eq
ual 
var
ian
ces 
ass
um
ed 
64.475 <0.005 7.
5
1
7 
547
2 
<0.00
5 
65.081 8.658 48.107 82.055 
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Equal variances not 
assumed 
3.
6
6
2 
137
2.7
77 
<0.00
5 
3650.6
92 
996.8768 1695.12
5 
5606.25
8 
 
 Tier 1 trauma centers reported 3676 patients with a form of head trauma and a valid ISS 
score, Tier 2 trauma centers reported 2014 patients with a valid ISS score. Linear 
regression showed significance (p<0.005) when using ISS derived from AIS to predict 
length of stay in each level trauma center respectively. ISS derived from AIS accounted 
for 7.8% of the variance for level 1 centers, and 9.8% of the variance for level 2 centers. 
Table 22: Regression Model Summary ISS vs Length of Stay In Level 1 Trauma 
Centers 
Model R R Square Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .280 0.078 0.078 17061.61 
 
Table 22a: ANOVA ISS vs Length of Stay in Level 1 Trauma Centers 
Model 
 
Sum of 
Squares 
df Mean 
Square 
F Sig. 
Regression 9.1E+10 1 9.1E+10 312.662 <0.005 
Residual 1.07E+12 3674 2.91E+08 
  
Total 1.16E+12 3675 
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Table 22b: ISS vs Length of Stay in Level 1 Trauma Centers Regression 
Coefficients 
Model Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. 
 
B Std. 
Error 
Beta 
 
 
(Constant) 2893.894 565.355 
 
5.119 <0.005 
ISS 498.083 28.169 0.28 17.682 <0.005 
 
Table 23: Regression Model Summary ISS vs Length of Stay in Level 2 Trauma 
Centers 
Model R R Square Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .313 .098 .098 10895.745 
 
Table 23a: ANOVA ISS vs Length of Stay in Level 2 Trauma Centers 
Model 
 
Sum of Squares df Mean Square F Sig. 
Regression 2.6E+10 1 2.6E+10 218.953 <0.005 
Residual 2.39E+11 2012 1.19E+08 
  
Total 2.65E+11 2013 
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Table 23b: ISS vs Length of Stay in Level 2 Trauma Centers Regression 
Coefficients 
Model Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. 
 
B Std. Error Beta 
 
 
(Constant) 2275.437 476.201   4.778 <0.005 
ISS 390.256 26.374 .313 14.797 <0.005 
  
Severity of head injuries was then controlled for by screening out patients who had a 
GCS greater than 8. T-tests showed no significant differences in mean EMS response 
time, and mean length of stay. Mean emergency department time was found to be 
insignificant if equal variances are assumed, but significant (p=0.032) if equal variances 
are not assumed. According to Levene’s Test for Equality of Variances with a p<0.005 
the model should be interpreted assuming equal variances.    
Table 24: Severity Controlled EMS Minutes T-Test Group Statistics 
ACS Level N Mean Std. 
Deviation 
Std. Error Mean 
1 402 165.2289 418.1521 20.85553 
2 193 189.8601 643.8671 46.34657 
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Procedure Specific Relationships Between ACS Level Trauma Centers:  
Logistic regression showed significance (p<0.005) determining if the level of trauma 
center could predict which head trauma procedures are preferentially used. An increase in 
the ACS Level (Level 2 to Level 1) corresponds to a 22% increase in the chance of 
intracranial pressure monitor insertion (Exp(B)=1.22(1)) (Table 28d), an 85% increase in 
the chance of reopening of craniotomy site (Exp(B)=1.85(1)) (Table 28d), a 72%  
increase in the chance of a craniotomy (Exp(B)=1.72(1)) (Table 28d), and a 52% increase 
in the chance of a craniectomy (Exp(B)=1.72(1)) (Table 28d). 
ISS and EMS time at the scene were added to the model to increase predictive power. ISS 
increased the chance of intracranial pressure monitor insertion by 1% (Exp(B)=1.01(1)) 
(Table 28d), decreased the chance of crantiotomies by 2.1% (Exp(B)=0.989(1)) (Table 
28d), and increased the chance of craniectomies by 0.6% (Exp(B)=1.006(1)) (Table 28d). 
EMS time had no effect on the chances of any procedure being preferentially chosen. 
Table 27: ACS Level Preferential Procedure Logistic Regression Case Processing 
Summary 
Procedure P.Code  N Marginal 
Percentage 
Intracranial Pressure Monitor 
Insertion 
1.1  2929 30.40% 
Reopening of Craniotomy Site 1.23  151 1.60% 
Craniotomy 1.24  3474 36.10% 
Craniectomy 1.25  1234 12.80% 
Insertion or Replacement of an 
External Ventricular Drain 
2.21  1838 19.10% 
ACS Level* 
 
0 3063 31.80% 
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1 6563 68.20% 
Valid 
 
 9626 100.00% 
Missing 
 
 4265 
 
Total 
 
 13891 
 
Subpopulation 
 
 2 
 
*ACS Levels were dummy coded (Level 1= 1, Level 2= 0) 
 
 
 
 
Table 27a: ACS Level Preferential Procedure Logistic Regression Model Fitting 
Information 
Model Model 
Fitting 
Criteria 
Likelihood Ratio Tests 
 
-2 Log 
Likelihood 
Chi-
Square 
df Sig. 
Intercept Only 155.872 
   
Final 61.817 94.056 4 <0.005 
 
Table 27b: ACS Level Preferential Procedure Logistic Regression Measures of 
Variance 
 
 
Pseudo R-Square 
Cox and Snell 0.01 
Nagelkerke 0.01 
McFadden 0.004 
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Table 27c: ACS Level Preferential Procedure Logistic Regression Likelihood Ratio 
Tests 
Model Model Fitting 
Criteria 
Likelihood Ratio Tests 
 
-2 Log Likelihood 
of Reduced 
Model 
Chi- 
Square 
df Sig. 
Intercept 61.817 .000 0 
 
ACS Level 155.872 94.056 4 <0.005 
 
 
Table 28: ACS Level and Covariates Preferential Procedure Logistic Regression 
Case Processing Summary 
Procedure P.Code  N Marginal 
Percentage 
Intracranial Pressure Monitor 
Insertion 
1.1  2929 30.4% 
Reopening of Craniotomy Site 1.23  151 1.6% 
Craniotomy 1.24  3474 36.1% 
Craniectomy 1.25  1234 12.8% 
Insertion or Replacement of 
an External Ventricular Drain 
2.21  1838 19.1% 
ACS Level* 
 
0 3063 31.8%   
1 6563 68.2% 
Valid 
 
 9626 100.0% 
Missing 
 
 4265 
 
Total 
 
 13891 
 
Subpopulation 
 
 3048 
 
*ACS Levels were dummy coded (Level 1= 1, Level 2= 0) 
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Table 28a: ACS Level and Covariates Preferential Procedure Logistic Regression 
Model Fitting Information 
Model Model 
Fitting 
Criteria 
Likelihood Ratio Tests 
 
-2 Log 
Likelihood 
Chi-
Square 
df Sig. 
Intercept Only 14829.054 
   
Final 14563.340 265.713 12 <0.005 
 
Table 28b: ACS Level and Covariates Preferential Procedure Logistic Regression 
Measures of Variance 
 
 
 
Table 28c: ACS Level and Covariates Preferential Procedure Logistic Regression 
Likelihood Ratio Tests 
Model Model Fitting 
Criteria 
Likelihood Ratio Tests 
 
-2 Log 
Likelihood of 
Reduced 
Model 
Chi- 
Square 
df Sig. 
Intercept 14563.340 .000 0 . 
ISS 14671.761 108.420 4 <0.005 
EMS Minutes 14625.596 62.255 4 <0.005 
ACS Level 14655.382 92.042 4 <0.005 
 
Pseudo R-Square 
Cox and Snell .027 
Nagelkerke .029 
McFadden .010 
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3474 patients underwent a craniotomy, of that 3387 had valid measurements for the 
length of time before their procedure. A T-test was used to determine the differences in 
mean length of time to procedure for the two level trauma centers but there was no 
significance. ACS level and ISS covariation to predict patient outcomes was not 
significant for patients who underwent this procedure.  
1776 patients underwent a craniectomy, of that 1189 had valid measurements for 
the length of time before their procedure. A T-test was used to determine the differences 
in mean length of time to procedure for the two level trauma centers but there was no 
significance. Nominal regression using ACS level and ISS covariation to predict patient 
outcomes was not significant for patients who underwent this procedure. 
3,740 Patients had an intracranial pressure monitor inserted, 2,590 had valid 
measures of length of time before the procedure. A T-test showed no significant 
differences in the mean length of time to the insertion of intracranial pressure monitors 
between the two ACS levels. Nominal regression using ACS level and ISS covariation to 
predict patient outcomes was not significant for patients who underwent this procedure. 
2222 Patients had an external ventricular drains inserted, 1562 had valid measures of 
length of time before the procedure. A T-test showed no significant differences in the 
mean length of time to the insertion of external ventricular drains between the two ACS 
levels. Nominal regression using ACS level and ISS covariation to predict patient 
outcomes was not significant for patients who underwent this procedure.    
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DISCUSSION 
The data shows that the hypothesis was correct in regards to demographics and 
level of preparedness for head injury trauma patients. Level 1 trauma centers had 
significantly more males, adult beds, burn ICU beds, ICU burn recovery beds, ICU 
trauma recovery beds, neuro-surgeons available, orthopedic surgeons available, and 
trauma surgeons available. Level 1 trauma centers have more capacity to deal with a 
large influx of patients, with a broader array of specialists to treat more types of injury. 
More males are admitted than female with head injury, which is consistent with national 
trends in traumatic injury.  
Level 2 trauma centers also treat patients with significantly higher total GCS 
scores and GCS component scores. This shows that level two trauma centers frequently 
treat patients with less severe head injuries. GCS has been shown as a reliable indicator 
of head injury severity and low scores correlate strongly to morbidity (Gennaelli et al., 
1994). ISS scores based on AIS also showed significantly higher ISS scores for Level 1 
centers. This further enforces the data showing that Level 1 centers deal with more severe 
injuries. The propensity for Level 1 centers to treat more severe injuries may skew data 
relating to the outcomes of the patients referred. 
The average length of EMS response showed patients admitted to Level 1 trauma 
centers spent significantly longer with EMS responders than Level 2 centers. This refuted 
the hypothesis that Level 1 centers would require faster EMS response for more severe 
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injuries. It is likely that more severe injuries require more time to properly initially 
stabilize and transport the patients.  
Logistic regression to determine the ACS level of trauma center from EMS 
variables of GCS, length of EMS response, initial respiratory rate and pulse was shown to 
be a significant model. EMS and GCS were shown to have significant effects on the 
model while initial pulse and respiratory rate were shown to be insignificant. However 
the overall variance that can be accounted for by the variables was 0.7% using Cox and 
Snell R Square analysis, and 1% using Nagelkerke R Square analysis. While the model 
was significant, it showed, however, that these EMS variables have a very small effect in 
helping predict what level trauma center TBI patients will be admitted.  
Level 1 trauma centers have significantly longer average stays for both single 
head trauma and multiple head trauma patients respectively. Level 1 centers also have a 
longer average length of stay in their Emergency Departments as well.  This confirms our 
hypothesis further that more severe head traumas will need more comprehensive 
treatment and lead to longer stays in the hospital. ISS derived from AIS could 
significantly predict length of stay in each level trauma center respectively. ISS derived 
from AIS accounted for 7.8% of the variance in length of stay for Level 1 centers, and 
9.8% of the variance in length of stay for Level 2 centers. 
To control for head injury severity when examining the differences in the tiered 
centers, less severe cases with a GCS of greater than 8 were excluded. The most severe 
cases of head injury showed no significant differences in EMS length of response, length 
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of ED stay or total length of stay. This finding shows that quality of care based on injury 
severity may not be significantly different, and that a limitation of analyzing data from 
hospitals such as these is the differences in the number of severe head trauma cases they 
are responsible for treating.  
 Next the types of procedures conducted by the two level trauma centers for head 
trauma were analyzed. The level of trauma center admitted to can be used to predict 
which procedures are preferentially used. The model while significant only accounts for 
1% of the variance in the analysis. When other covariates like ISS and EMS time are 
factored in, the model remains significant, with an increased effect on variance of only 
2%. More detailed models must be used to make this analysis useful in the future because 
even if it was significant, a 2% maximum explanation of variance requires the input of 
more variables with higher levels of impact on the dependent variables. There was no 
difference in time to procedure upon arriving to the different trauma centers which shows 
the same consistency of care between both levels. Also regression analysis used to predict 
outcome for each procedure: craniotomies, craniotomies, insertions of intracranial 
pressure monitors and insertions of extra ventricular drains was insignificant.   
 This type of analysis is useful, as TBI diagnoses are increasing with an aging 
more frail population. TQIP gives us standardized benchmarking to accurately analyze 
data across different Level 1 and Level 2 trauma centers. The goal is to characterize the 
course of treatment for TBI patients and improve quality of care. The increased use of 
blood thinners such as Eliquis, Pradaxa, and Xarelto can also increase mortalit. The next 
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step in this research will be to analyze how confounding variables such as the use of 
medication or preexisting conditions are managed at the different trauma center levels.  
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